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第二章介绍一种基于金属置换机理的 Cr3+的 OFF-ON 型荧光传感体系。我们
对一类普适型的多氮配体加以改造，将其与具有荧光猝灭效应的 Cu2+络合，作



























Design of highly selective and sensitive fluorescent chemosensors (FCSs) for 
transition metal ions has been attracting much research interest due to the important 
roles of these species in various biological or entironmental processes. Binding of the 
target transition metal cation onto its fluorescent receptor usually results in a 
fluorescence quenching respsonse. Because fluorescence quenching can be caused by 
many uncertain factors in solution, a FCS with quenching respsonse is less desirable 
in analytical pratices. Therefore, much current attention has been drawn to the more 
practicable FCSs such as those with OFF-ON or ratiometric sensing response. 
Following the development of these FCSs, this dissertation is focused on novel design 
principles of FCSs for toxic transition metal ions such as Cr3+ and Hg2+cations.  
In chapter one, we review the development of FCSs for transition metal ions. 
Emphases was placed on those employing OFF-ON or ratiometric fluorescence 
signals in detection. Stimulated by these advanced researches, the objective of this 
dissertation is presented. 
In chapter two, an OFF-ON FCS for Cr3+ based on metal displacement 
mechanism was reported. The receptor was assembled by combination of a less 
selective fluorogenic ligand with Cu2+ as a quenching cation. The displacemnt of Cu2+ 
by the target cation resulted in a sensitive OFF-ON fluorescence reponse. The 
developed FCS displayed a high selective fluorescence enhancement upon titration 
with Cr3+  in aqueous solution. Coexistence of other investigated metal cations caused 
no obvious interference with the Cr3+-induced fluorescent response. 
In chapter three, two FCSs for Hg2+ have been designed based on Hg(II)-barbital 
coordination polymers. In the fist sensing system, a fluorophore-derived barbital was 
employed as the fluorescent receptor. Titration with Hg2+ cations resulted in the 
formation of the Hg(II)-barbital coordination polymer, accompanying with an 
















in aqueous solution. In the second sensing system, the receptor was assembled by a 
catalytic complex with a barbital-derived ligand. Titration with Hg2+ cations resulted 
in the formation of the Hg(II)-barbital coordination polymer bearing catalytic side 
groups. The polymerization of the catalytic groups caused a remarkable amplification 
of the catalytic activity. This amplification effect was combined with a suitable 
fluorogenic reaction to establish a sensitive fluorescent dection of Hg2+ in aqueous 
solution. 







































1.1 OFF-ON 型金属离子识别传感研究进展 
根据目前已报道的过渡金属离子 OFF-ON 型荧光传感实例，信号产生机理

























现 OFF-ON 型荧光响应。 
 





键形成，其能量下降，阻断 PET 过程，实现荧光 OFF-ON 响应。 
基于此机理，Cheng 等合成了化合物 1，用于水相中 Cd2+的高选择高灵敏检
测，并应用于活细胞成像[2]。化合物 1 以 BODIPY 为荧光团，无 Cd2+时发生识
别基团中氮原子到荧光团的 PET 过程，荧光较弱；Cd2+的加入使化合物 1 的荧
























2      
依据类似的设计思路，Sheel 等设计、合成了化合物 2：同样以 BODIPY 为
荧光团，在识别基团中引入两个羧基以增强其水溶性[3]。pH 7.1 的 HEPES 缓冲
体系中，分子 2 的荧光量子产率为 0.002；加入 50 当量的 Ni2+后，荧光量子产率
增至 0.055；相同测试条件下其他金属则无此效应。其荧光增强的原因在于，Ni2+

















Lippard 课题组合成了一系列 Zinpyr 族化合物，利用 PET 原理检测 Zn2+，具
有良好的选择性。首先合成了化合物 3[4]，其中荧光素作为荧光信号基团，2,2’-
二吡啶甲基胺作为识别基团，Zn2+加入后形成 2:1 的 3-Zn2+络合物。pH 7.5 的
HEPES 缓冲体系中，加入 Zn2+使 3 的荧光量子产率提高到 0.9，荧光增强 3-5 倍。
该课题组继而合成了 3 的一系列类似物：例如化合物 4[5]，将识别基团换为 4,4’-
二吡啶甲基胺后，实验发现加入 Zn2+能使其荧光增强 19 倍，响应更灵敏。基于












































Senthilvelan 等合成了杯芳烃类化合物 6，借以实现对 Cu2+的高选择性荧光
识别[7]。乙腈中 6 本身的吸收峰出现于 315 nm 处，随着 Cu2+的加入 438 nm 的新
吸收峰逐渐增强，并在 347 nm 处出现等吸收点。与此同时，343 nm 处的荧光峰
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